Aim-To investigate the therapeutic eYcacy of inhaled fluticasone propionate, started on day 1 of age, on ventilated preterm infants with respiratory distress syndrome. Methods-Starting within 24 hours of age, ventilated preterm infants (gestation < 32 weeks, birthweight < 1.5 kg) with respiratory distress syndrome were given a 14 day course (two puVs, 12 hourly) of either fluticasone propionate (250 µg/puV) (group 1, n=27) or placebo (group 2, n=26) with a metered dose inhaler-spacer device. Response to treatment was assessed by the rate of successful extubation by days 7 and 14 of age, changes in respiratory system mechanics, death, occurrence of chronic lung disease, and other neonatal complications. Results-More infants in the treatment group were successfully extubated by 14 days of age than those in the placebo group (17/27 vs 8/26; p = 0.038). The treated infants also showed a more significant improvement in respiratory system compliance during the first 14 days of life. The two groups, however, did not diVer significantly in their need for systemic steroids after day 14 of age, death, or the occurrence of chronic lung disease. The treatment was not associated with any increase in neonatal complications, including those attributable to steroid induced side effects. Conclusion-These results provide preliminary evidence that early treatment with inhaled corticosteroids may be beneficial to ventilated preterm infants with respiratory distress. Further study of its use in a large scale randomised trial is warranted. (Arch Dis Child Fetal Neonatal Ed 1999;80:F203-F208) 
Systemic corticosteroids are often given to ventilated and oxygen dependent preterm infants at 2 to 4 weeks of age for the treatment of chronic lung disease (CLD). Because lung inflammation secondary to oxygen toxicity and barotrauma may occur within the first few days of postnatal life, 1 2 early treatment with corticosteroids during the acute phase of respiratory distress syndrome (RDS) may prevent CLD. In ventilated preterm infants with RDS, administration of systemic dexamethasone within the first day of life has been associated with a more rapid improvement in respiratory status, earlier extubation, [3] [4] [5] and reduction of CLD. 4 There is evidence that preterm infants younger than 2 weeks of age are more prone to nosocomial infections and impaired brain development as a result of corticosteroid treatment. 6 7 There are also concerns that the early treatment regimen will unnecessarily subject infants who are not destined to develop CLD to the risk of other steroid induced complications, such as hypertension, hyperglycaemia, growth impairment, and suppression of hypothalamic-pituitaryadrenal functions. By delivering the medication directly into the lungs as an aerosol, the dose and the risks can be reduced. [8] [9] [10] [11] In preterm infants with established CLD inhaled corticosteroid can lessen their respiratory symptoms, 12 improve their lung function, [8] [9] [10] [11] [12] reduce their need for systemic steroids, 9 and facilitate earlier extubation. 13 This randomised study was carried out to evaluate the therapeutic eYcacy of inhaled fluticasone propionate in the early treatment of ventilated preterm infants with RDS.
Methods
The study was approved by the Clinical Research Ethics Committee of the Chinese University of Hong Kong.
Inborn preterm infants admitted consecutively into our neonatal intensive care unit for the treatment of RDS were considered eligible for the study if they satisfied the following criteria: gestation < 32 weeks; birthweight < 1.5 kg; requirement for mechanical ventilation; and parental consent to the study. All the infants were given two doses (5 ml/kg per dose) of intratracheal synthetic surfactant (Exosurf, Burroughs Wellcome Corporation, UK) 12 hours apart. The first dose was given within 1 hour of birth. The infant was enrolled if a blood gas obtained between 6 to 10 hours after the second dose of surfactant (19 to 23 hours after birth) showed an arterial PO 2 :alveolar PO 2 ratio of < 0.25. Alveolar PO 2 (PAO 2 ) was calculated from the alveolar gas equation PaO 2 = PIO 2 −PaCO 2 /R + PaCO 2 × FI O 2 ×(1−)/R where PIO 2 is the partial pressure of oxygen in the inspired gas and equals the diVerence between the atmospheric pressure (760 mm Hg or 101.3 kPa) and the saturated water vapour pressure (47 mm Hg or 6.3 kPa), PaCO 2 is the arterial carbon dioxide tension and R is the respiratory quotient and equals 0.8. Infants who were dying and those with significant congenital malformation were excluded. The infants enrolled were randomised by computer generated random numbers into treatment (group 1) and control groups (group 2); allocation to the groups was carried out by opening opaque, sealed envelopes. The calculation of the required number of infants in each group was based on a previous report on the early use of systemic dexamethasone which showed that successful extubation at 2 weeks of age was accomplished in 57% of the treated group and in 28% in the placebo group. 3 A sample size of 26 in each group would result in a power of 0.8 for detecting a diVerence of this size with an error of < 0.05.
All the infants were given intravenous penicillin and netilmicin shortly after birth, after a blood count and blood culture specimens were obtained. The antibiotics were discontinued after three days if the infants showed no sign of sepsis and the blood culture remained negative. All infants were continuously monitored for their heart rate, respiratory rate, and transcutaneous oxygen saturation (SaO 2 ). Blood pressure was monitored continuously through an indwelling arterial catheter when available, or hourly using the oscillometric method (Dinamap XL Vital Signs Monitor, Johnson and Johnson Medical Inc, USA). Capillary blood glucose concentration was tested four times daily using the strip method (Haemo-Glukotest, Boehringer Mannheim, GmbH, Germany). True blood glucose was measured when the Haemo-Glukotest showed the presence of hyperglycaemia (blood glucose > 7 mmol/l).
Each infant in group 1 (n=27) was given two puVs of fluticasone by metered dose inhaler (MDI) (Flixotide; Glaxo, UK; 250 µg per puV), and in group 2 (n=26) two puVs of placebo provided by the same manufacturer, 12 hourly for two weeks. The first dose was given within 24 hours of birth. The label on the MDI canisters had been removed so as to conceal the identity of the contents.
Aerosol delivery was carried out by an investigator not involved in the clinical management of the patients or data collection. Immediately before aerosol delivery, an MV15s Aerochamber was inserted between the Y-connector of the ventilator circuit and endotracheal tube. After suctioning of the endotracheal tube, two puVs of the aerosol (fluticasone or placebo, as appropriate) were actuated into the spacer one minute apart immediately before the inspiratory phase of a ventilator generated breath. The MDI canister was vigorously shaken for at least 10 seconds before each actuation. The spacer was removed one minute after the second puV.
Extubation was considered when the FIO 2 and ventilator rate were decreased to < 0.4 and < 10 breaths a minute, respectively. The decision to extubate was made by the attending neonatologists who were blinded to the study protocol and the nature of the aerosol given to the infants. After the endotracheal tube was removed oxygen was administered via a head box at a concentration 10% higher than that of the ventilator gas. Subsequently, FIO 2 was adjusted so that the infant's SaO 2 was maintained between 90% to 93%. All infants were given a loading dose (6 mg/kg) of intravenous aminophylline immediately before extubation, followed by a maintenance dose of 2.5 mg/kg every 12 hours. Infants extubated before day 14 continued to receive the aerosol delivered through a neonatal Aerochamber (Trudell, Canada), which had been modified by removing its one way non-rebreathing valve. This modification has been shown to increase the amount of aerosol delivery.
14 The face mask of the Aerochamber was replaced with a Laerdal Resuscitation mask (Laerdal, Stavanger, Norway) which has a smaller dead space and tighter fit to the face. The face mask was placed tightly over the infant's face, covering the nose and the mouth during aerosol delivery. After delivery of the second dose, the infant was allowed to breathe into the Aerochamber for 1 minute before the system was removed.
In both groups infants with significant respiratory problems after 14 days of age were given open label systemic dexamethasone, as decided by the attending neonatologist. In our unit treatment with systemic steroids is considered in infants older than 3 weeks of age who remain ventilated with FIO 2 > 30% or breathing spontaneously in an oxyhood with FIO 2 > 40%. The two groups were compared for the following outcomes: successful extubation by days 7 and 14 of age; death; oxygen dependency at 28 days of postnatal age and 36 weeks after conception; complications, including hyperglycaemia, hypertension, sepsis confirmed by blood culture, pulmonary air leak (interstitial emphysema, pneumothorax, or pneumomediastinum), periventricular haemorrhage and leucomalacia, retinopathy of prematurity, patent ductus arteriosus, and necrotising enterocolitis; and bacterial colonisation of the airway. Extubation was considered to be successful if the infant was able to breathe spontaneously without the endotracheal tube or assisted ventilation for at least 48 hours without a significant increase in respiratory eVort and deterioration in blood gas values. Hyperglycaemia was defined as a blood glucose reading > 7 mmol/l. 15 The number of infants with high blood glucose concentration >10 mmol/l was also compared between the two groups. Hypertension was defined as two consecutive readings of systolic or diastolic blood pressure greater than 80 mm Hg and 45 mm Hg, respectively. 16 Cranial ultrasound scanning was performed at 6, 14, and 28 days of age, and whenever periventricular haemorrhage was suspected clinically. Symptomatic patent ductus arteriosus was treated with intravenous indomethacin after confirmation by echocardiogram. Clinically significant patent ductus arteriosus refractory to indomethacin treatment was closed by surgical ligation. Ophthalmological screening for retinopathy of prematurity was started at 4 weeks of age. Necrotising enterocolitis was diagnosed by the presence of pneumatosis intestinalis or intestinal perforation on abdominal radiograph, or for those requiring surgical intervention, on laparotomy. Tracheal aspirate was obtained for bacterial and fungal culture immediately before the first dose of aerosol, and at 3, 5, 7 and 14 days of age.
Static respiratory system compliance (Crs) and resistance (Rrs) were measured immediately before the start of aerosol treatment, and repeated on days 3, 7, and 14 in infants who remained intubated and ventilated. Both Crs and Rrs were measured using a SensorMedics Pulmonary Cart (SensorMedics Inc., Yorba Linda, CA, USA) using the passive flowvolume technique. 17 The measurement was carried out using a pneumotachograph (Hans Rudolph Inc., USA) with a small dead space (1.8 ml) connected to the endotracheal tube. A breath was accepted for analysis only when the occlusion pressure reached a stable plateau. In each measurement Crs and Rrs were obtained from the mean values of at least 10 acceptable breaths with a coeYcient of variation of less than 10%.
The particle size distribution of the fluticasone aerosol was estimated by collecting the contents of 10 actuations of the metered dose inhaler into an Anderson Cascade Impactor operating at 28.3 l/min. The amount of fluticasone collected at each stage of the Impactor was assayed spectroscopically (Hitachi Spectrophotometer, Trudell, Canada). The experiment was repeated by actuating the inhaler into an MV15s Aerochamber connected to the Y-connector of a continuous flow ventilator circuit similar to that used in the infants. The aerosol was collected into the impactor after passing through an endotracheal tube connected to the exit of the Aerochamber. The test was carried out using endotracheal tubes of two diVerent sizes: 2.5 mm and 3.0 mm internal diameter. Each experiment was repeated six times and the mass median aerodynamic diameter (MMAD) and geometric standard deviation (GSD) calculated.
The dose of fluticasone available at the end of each size of endotracheal tube was measured by collecting single doses in unit-dose collection tubes and assaying the drug as above.
Comparison between the two groups was made using the non-paired Student's t test for continuous variables, and the 2 test for rates and proportions. Serial measurements within the same group were compared by repeated measures analysis of variance (ANOVA), followed by the Bonferroni t test when the ANOVA test showed a significant diVerence. Between group comparison of serial changes in lung mechanics with time was made by multivariate analysis using unbalanced repeated measures models with first order autoregressive covariance matrices (BMDP/Dynamic Program 5V, release 7, BMDP Statistical Software Inc., Los Angeles, CA, USA). Wald statistics were used to check the significance of the diVerences between the two groups over time.
Results
The demographic characteristics of the infants are given in table 1. The two groups were similar in their perinatal characteristics, including antenatal exposure to corticosteroids. None of the infants in either group was suspected of having sepsis on clinical grounds, and their initial blood cultures were all negative. Table 2 gives the outcomes of the infants. Significantly more infants in group 1 were successfully extubated by 14 days of life. Other outcome measures, including successful extubation by day 7, death before discharge, and oxygen dependency or death by 28 days of life or 36 weeks after conception did not diVer significantly between the two groups, although there seemed to be a trend favouring those receiving inhaled fluticasone.
The complications the infants developed before discharge from the hospital are given in table 2. There were no significant diVerences between the two groups in the occurrence of complications attributable to corticosteroid treatment, including hyperglycaemia, hypertension, or sepsis. There were also no significant diVerences in the occurrence of pulmonary air leak, periventricular haemorrhage or leucomalacia, retinopathy of prematurity, patent ductus arteriosus, or necrotising enterocolitis. The tracheal aspirate obtained before aerosol treatment was sterile in all except two infants (Staphylococcus aureus and Enterobacter spp) in the treatment group and one infant (S aureus) in the control group. After the start of aerosol treatment, pathogens were isolated from the tracheal aspirate of 20 infants whose culture before treatment was negative. These included 11 infants in the treatment group (nine S aureus, one Enterobacter spp, one Klebsiella spp) and nine infants in the placebo group (eight S aureus, one Enterobacter spp). The difference was not significant. Serial static Crs and Rrs were measured successfully in nine infants in group 1 and 14 infants in group 2 who remained intubated at 14 days of age. Both parameters were similar between the two groups before the start of (table 3) . The serial changes in both parameters across time were greater in group 1, although only the difference in Crs was significant between the two groups (fig 1) .
The aerosol particles collected directly from the MDI had a mean (SEM) MMAD of 2.62 (0.02)µm with a mean (SEM) GSD of 1.72 (0.01). After passing through an MV15s Aerochamber and a 2.5 mm endotracheal tube, the mean (SEM) MMAD and GSD were 1.85 (0.07)µm and 2.31(0.18), respectively. When the experiment was repeated using a 3.0 mm endotracheal tube, the mean (SEM) MMAD and GSD were 1.70 (0.04)µm and 1.99(0.13), respectively. The dose of fluticasone aerosol available at the end of the endotracheal tube was greater for the 3.0 mm tube compared with the 2.5 mm tube (98.9 [13.7] µg vs 83.6 [8.7] µg, p=0.043), with the mean (SEM) proportion of particles having diameters <5.8µm 89.8 (1.65)% with the 2.5 mm endotracheal tube, and 94.3 (0.85)% with the 3.0 mm endotracheal tube (p=0.037).
Discussion
Treatment with systemic dexamethasone within the first day of life can facilitate earlier extubation 3 5 and reduce the incidence of CLD in ventilated preterm infants with RDS. 4 Despite these potential benefits, the early use of systemic corticosteroids in neonates is not supported by existing evidence because of its adverse side eVects. 4 6 7 18-27 Of particular concern is its association with infection 7 23 and impaired brain growth. 18 24 25 A significant increase in infection rate has been observed in infants given systemic dexamethasone on the first day of life. 4 In a recent randomised trial comparing systemic dexamethasone started at 2 weeks and 4 weeks of age for the treatment of ventilator dependent preterm infants, early treatment was associated with a higher incidence of nosocomial infection. 7 In animal studies corticosteroids have been shown to have a deleterious eVect on the developing brain. [24] [25] In preterm newborn infants a 28 day course of systemic dexamethasone started on day 1 of life has been associated with a higher incidence of neuromotor dysfunction. 6 The complications of corticosteroids may potentially be minimised by using the medication as an aerosol: because this is directly administered to the lungs, it requires a significantly smaller dose than its systemic counterparts. [8] [9] [10] [11] However, one major diYculty in using aerosol medications in small infants is the scanty amount of aerosol that can reach the lower respiratory tract. Previous workers have shown that only 0.1% to 1.2% of the nominal dose can be deposited in the lungs of ventilated infants. [28] [29] [30] To maximise the amount of lung deposition, we used fluticasone delivered by MDI with a spacer device in this study. Among the aerosol delivery devices currently available for small infants, the MDI-spacer device is better than the jet or ultrasonic nebuliser at delivering corticosteroids because the medication is formulated as a suspension and cannot be eVectively nebulised. 31 32 As shown in our particle size study, the MDI aerosol contains particles that are well within the respirable range of 1 to 5 µm at the exit of the delivery system. Compared with other inhaled preparations, fluticasone propionate has the advantage of being a more potent antiinflammatory agent than dexamethasone or beclomethasone. 32−34 It is also available in a concentrated formulation, which allows a relatively large dose of 500 µg to be administered with only two actuations. In the pilot phase of the study we showed that the current dose of fluticasone suppresses the hypothalamicpituitary-adrenal axis, confirming that a pharmacologically active dose of the medication has reached the lungs. 35 Our findings showed that a 14 day course of inhaled fluticasone started at around 24 hours of age was associated with a significantly higher success rate in extubation within the first two weeks of life. The treated infants showed a better improvement in lung compliance than those in the placebo group. Although not significant, infants given inhaled steroids also showed a trend towards a lower requirement for open label systemic steroids and developed less CLD. The treatment was not associated with any increase in steroid induced side eVects such as hypertension, hyperglycaemia, or sepsis. Bacterial colonisation of the airway was also similar between the treated and control infants.
Figure 1 Curves plotting (A) Crs/kg and (B) Rrs over time in treated (+) and control (m) groups (mean(SEM)
Our findings thus provide the first piece of evidence that early treatment with fluticasone delivered by MDI may be beneficial to ventilated preterm infants with RDS. Like the early studies on the early use of systemic dexamethasone, 35 our study failed to show any significant long term benefit of the treatment, possibly because of the relatively small sample size. Neither was it designed to investigate the long term complications of the early use of inhaled steroids. These issues could only be unravelled by a large scale randomised study. 4 6 Given its potential benefits, further exploration of the use of inhaled steroids in preterm infants is warranted.
